We report the case of a 37-year-old woman with acute respiratory distress syndrome and became a candidate for organ donation after anoxic brain injury and was on a venovenous extracorporeal membrane oxygenation (VV-ECMO) support. On preoperative evaluation and gross examination, the donor's heart was acceptable for heart transplantation to a 62-year-old female patient with a history of nonischemic cardiomyopathy with a HeartMate II mechanical assist device. Orthotopic heart transplantation was successfully performed in the recipient. We report a case that suggests that the procurement of a heart from a donor on ECMO support can potentially expand the donor heart pool in carefully selected patients. ASAIO Journal 2016; 62:e24-e26.
Heart transplantation remains the best therapeutic option for patients with end-stage heart disease, with current median survival reported at 11 years overall and 13 years for those surviving the first year. 1 Estimates show that more than 20,000 patients could benefit from this life-saving procedure each year, but surprisingly only 1,949 heart transplants were performed in the United States in 2011, with a contemporaneous waiting list mortality of 12.4 per 100 waitlist years. 2 The severe and ongoing shortage of donor organs limits the availability of donor hearts for transplantation. Despite this severe donor organ shortage, only one in three available donor hearts is currently accepted for transplantation, which greatly limits the rate of heart transplantation. Many reasons exist for rejecting donor hearts, including clinical and demographic factors, primarily cardiac dysfunction (left ventricular hypertrophy, left ventricular dysfunction), demographic (older age, small size), and existing comorbidities (hypertension, diabetes). 3 Patients who have consented to organ donation and are placed on venovenous extracorporeal membrane oxygenation (VV-ECMO) for respiratory compromise may provide a pool for donor hearts. We report the case of a patient who received a heart from a donor who was on VV-ECMO at the time of heart procurement.
Case Report
The donor was a 37-year-old woman admitted to an outside hospital after consuming acetaminophen/hydrocodone and hitting her head. The patient's condition subsequently declined, and she was admitted to the intensive care unit for further management. She was diagnosed with metabolic acidosis secondary to acetaminophen toxicity and intubated to protect her airway; over the next 3 days, she had difficulty oxygenating and was diagnosed with acute respiratory distress syndrome (ARDS). At this point, she was placed on VV-ECMO support by cannulating her right internal jugular vein with a dual-chamber cannula (Avalon Laboratories, Rancho Dominguez, CA) to manage her respiratory compromise. The patient was placed on a standardized ECMO protocol, which involves continuous infusion of heparin with adjustment of the partial thrombosis time in the range of 60-80 seconds. Five days after placement on VV ECMO, the patient declined further and became areflexic. A neurological examination, apnea test. and cerebral perfusion scan were consistent with brain death. Our cardiac transplant program was notified of a potential donor, and cardiac parameters were evaluated and the donor and recipient were size matched (donor height, 63 inches; weight, 134 pounds) and (recipient height, 63 inches; weight, 145 pounds). The preoperative cardiac parameters for the donor are shown in Table 1 .
The procurement team was activated, and on opening the chest, the procurement surgeon evaluated the heart and found that it was grossly normal and devoid of palpable aortic and coronary calcification. Further examination revealed no septal dyskinesia/hypokinesia, wall motion abnormalities, and no left ventricular dysfunction on visual examination. The heart was determined to be acceptable for transplant, and we proceeded to cannulate the aorta in preparation for the heart procurement. Before placement of the aortic cross clamp, the ECMO circuit was shut off, the venous cannula clamped, and the heart was recovered without difficulty and transported to our institution. Notably the heart and kidneys were also procured for transplant from this donor.
The recipient was a 64-year-old woman with a history of nonischemic cardiomyopathy who had a left ventricular assist device for 11 months and was a status 1A recipient because of her severe biventricular dysfunction and device thrombosis. Orthotopic heart transplantation was performed using cardiopulmonary bypass according to the standard methods; the ischemic time was 1 hour and 57 minutes. The chest was left open because of right ventricular dysfunction, and the patient was HEART PROCUREMENT AND VV ECMO e25 closed on postoperative day 3. She was diagnosed with grade 3 cellular/humoral graft rejection, which was treated with intravenous immunoglobulin (iViG) and steroids, and she continued to improve and was discharged home on postoperative day 30.
The donor was mechanically ventilated with a pulmonary end-expiratory pressure of 15 mm H 2 O, which may have resulted in a marginally increased pulmonary artery pressure (PAP) (31/18/23) and right ventricular pressure (34/16) at the time of procurement ( Table 1) . in the recipient, there was right ventricular dysfunction postoperatively, which resolved on postoperative day 3, and this patient was weaned off vasopressors/inotropes on postoperative day 11. On postoperative day 7, the recipient developed supraventricular tachycardia and vasoplegia, an endomyocardial biopsy was obtained, and rejection (international Society for Heart and Lung Transplantation [iSHLT] grade 2R/3A ACR) was diagnosed. The cardiac rejection was treated with iViG and pulse steroids for 5 days. She had 2 other episodes of rejection (iSHLT grade 1R/1B) at 6 and 8 weeks postoperatively, which were treated with steroids, and followed up with a endomyocardial biopsy at 12 weeks postoperatively, which was negative (iSHLT grade 0; Table 2 ). At present, the patient is in her 17th postoperative week and is doing well with no further episodes of rejection.
Discussion
Despite significant improvements in mechanical circulatory support, orthotopic heart transplantation remains the goldstandard treatment for patients with advanced heart failure, leading to the best long-term outcome. 4 Unfortunately the number of patients with end-stage heart disease awaiting heart transplantation is 10-fold greater than the availability of donor hearts available for transplantation.
Venovenous extracorporeal membrane oxygenation in ARDS is used as supportive therapy, providing only respiratory support and not hemodynamic support; therefore, while evaluating a donor heart for transplant, it is imperative to closely monitor the donor's hemodynamic status. The procurement of hearts from such "extended criteria" donors will only help offset the demand and availability in the short term, whereas long-term strategies are developed and implemented. Recently, other groups have reported the successful recovery of the liver, kidneys, and lungs from donors on ECMO support. 5, 6 in our United Network for Organ sharing (UNOS) region, there are an estimated two donors a year on VV-ECMO from whom hearts could be procured, which translates to 22 potential donors across the country given the 11 UNOS regions in the United States. Currently, the criteria for acceptance of donor hearts for transplantation remain inadequately studied and standardized and have not addressed procurement of hearts from donors on mechanical support such as VV-ECMO. Procurement of hearts from donors on VV-ECMO whose cardiac parameters are within acceptable limits may be considered for transplantation.
We would like to reiterate that donor heart must be comprehensively evaluated before the procurement to avoid postimplant complications. An increase in PAP because of hypoxia will increase the afterload on the right ventricle (RV), which may influence the diastolic function of the RV after implantation; thus, in such donors, appropriate flow rates need to be maintained through the ECMO cannulas. in addition, ischemic time should be kept to a minimum to avoid profound proinflammatory response because of ischemia/reperfusion injury, which would elicit an innate immune response, thus activating a cellular response against the graft. Preimplant RV diastolic function is another important parameter that should be carefully evaluated as posttransplant RV dysfunction has been shown to be an independent predictor of mortality in heart transplant recipients in the first year. 7 This is a unique case as it is the first report of a heart being procured from a donor on VV-ECMO support.
Conclusion
We report our experience with a successful adult orthotopic heart transplant from an organ donor on VV-ECMO support.
